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PREFACE 


A research undertaking of this magnitude required the concerted 
efforts of many people, each of whose contributions were essential to its 
successful completion. The entire project was overseen by the project 
director, George R. Schink, who also conceived the overall structure of 
the model. James Savitt helped develop the approach employed, and assisted 
in the initial data gathering effort and equation estimation. Arthur Doud 
Supervised the work of preparing data bases and computer systems, as well 
as having the main responsibilty for the international modeling effort. 

The exogenous projections for the model's forecasts were primarily developed 
by Sonia Klein. The final report was written and revised by Colin Loxley, 
who also was responsible for the forecast and simulation analysis. The 
prinicpal research assistant throughout was Brenda McCowan. Most of the 
typing for the final report was performed by Renee Scott. Finally, the 
authors wish to acknowledge the help of the TSC personnel Ron Mauri and 
Bob Mellman, whose critical reviews undoubtedly improved the final report. 
This report was originated under the Transportation Energy Efficiency 
Program (TEEP) at the Transportation Systems Center (TSC), under the 
sponsorship of the U.S. Department of Transportation, Office of the 
Secretary (DOT/OST). Work was completed under sponsorship of the U.S. 
Department of Transportation, National Highway Traffic Safety Administra- 


tion (DOT/NHTSA). 
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5. SIMULATION ANALYSIS 


5.1 INTRODUCTION 


This chapter analyzes the impacts of a selected group of exogenous 
‘shocks' on the model system. These scenarios are produced by varying 
one key influence in each case. In this sense they are therefore slightly 
‘artifical’ cases. For instance, examine the 10% gasoline price increase 
Simulation. A federal surcharge tax of 10% might be assumed. However, 
to the extent that business costs were increased, the general inflation 
rate would be raised, increasing other auto costs and offsetting the par- 
ticular effects of the gasoline increase. 

Of the four simulations presented here, the first three fall into 
this "single - shock" category: the 10% gas price increase, the 1% in- 
crease in income, and the increased purchase tax scenario. The final simu- 
lation is a more complete 'system' analysis of the impact of a 20% OPEC 
price increase aS against the 10% assumed for the baseline. Each simulation 
is discussed in the following sections 5.2 through 5.5. At the end of the 
chapter complete tables are presented for each case, comparing the results 


to the original baseline forecast. 


5.2 A 10% GAS PRICE INCREASE (TABLE 5-1) 

An increase in fuel costs has relatively minor overall medium - and 
long-term effects on total stock and new registrations, but substantially 
changes their distribution by size-class. ‘Desired’ stock is reduced be- 
low the baseline forecast by about 1/3% throughout the entire forecast 


period. Initially this induces a sharp fall in total new sales - over 2% 


= 1 


in each of the first 3 years - but this response rapidly dies away. New 
registrations then follow a cyclical pattern of slight divergences about 
the baseline path - alternately falling slightly below and then rising 
Slightly above. 

Scrappage at first shows extreme fluctuations, but then quickly 
settles down to a similar pattern of slow oscillations. Over the long 
term, both scrappage and new sales show slight reductions compared to 
their baseline equilibria. The impact on year-end auto stock gradually 
accumulates, pushing the total about 0.6% below the baseline at maximum 
effect in 1983. This gradually moderates until the long-term impact 
approaches that of desired stock - down 1/3%. 

The initial reduction in vehicle miles driven is about 1%. This 
accumulates at first, falling 2.7% below the baseline by 1981. Then 
the impact of higher average full efficiency is felt, with mileage down 
about 2% in the late 1980's - early 1990's period. As the size-distribu- 
tion of the stock begins to stabilize, the overall fuel efficiency rises 
by smaller proportions, and the decline in miles traveled once more be- 
comes larger, reaching 2.25% by the year 2000. 

Taking a 10 year view, the cumulative effect on new registrations 
would be a reduction of only 600,000 by 1986. The interim impact on do- 
mestic producers - because of the dominance of mid-size and full-size in 


their sales fleet - would be expected to be much more severe. Temporary 


subsidies for domestic subcompacts and compacts and perhaps special invest- 


ment tax credits and unemployment benefits, might be socially and politically 


necessary to ease the adjustment process for the domestic industry. 


In terms of fuel consumption, the changes in mileage and efficiency 
imply savings of about 2 billion gallons per year by 1986. Over the 
ten year period the savings would average about 2.6% per annum, for a 
cumulative total of over 20 billion gallons. With sales for automobile 
use estimated at around 80 billion gallons initially, and a retail gaso- 
line price rising from around 60¢ per gallon to over $1, a 10% tax would 
produce almost $5 billion in revenues initially, rising to perhaps $10 
billion by 1986. 

The impact by size-class can be traced through changes in costs per 
mile inducing changes in desired shares, which in turn yield changes in 
new registrations shares. Intially the capitalized costs per mile for 
both full and mid-size autos rise about 2.2%, with compacts only just be- 
hind, and subcompacts and luxury further back, wtih 1.8% and 1.7%, re- 
Spectively. These increases are slightly reduced as the fuel efficiency 
improvements assumed tend to reduce the relative significance of gasoline 
costs. In the long-run they again tend to rise as increasing gasoline 
costs again overtake efficiency gains. 

The net impact of these cost changes is an increase in the subcom- 
pact desired stock share of 1% point (almost 5%) and a corresponding fall 
in the full-size desired share of 1% point (3.5%). Trading down between 
mid-size and compacts leaves their desired shares virtually unchanged. As 
the cost per mile changes moderate, so do the desired share changes. By 
1985 the desired subcompact share is 3.5% above the baseline, the compacts 
share is up by 1%, and full-size is down 2.9%. These changes again increase 
as the cost per mile changes increase - up 3.7% for subcompacts, up 1.2% 


for compacts, down 3.4% for full-size (in 1995). 


The desired-share changes induce strong initial adjustments in new 
registrations. In terms of shares, subcompacts increases by almost 8% 
(1.7% points) and full-size's falls by almost 7% (again, 1.7% points). 
Hence the changes in new registration shares are initially a magnified 
reflection of the desired share changes. Over the longer term the new 
registration changes tend towards equality with the desired share changes. 

In terms of feveis of new sales, full-size sales are initially down 
8.7%. Subcompacts increase by 5.6%. Luxury are off by 1.8%, mid-size 
are off by 1.7%, and compact sales are reduced 2.9%. The annual drop for 
full-size is about 1/4 million units for the first three years. Since the 
longer-term level of new sales is little changed, the percentage changes 
in unit terms become about the same as the changes in terms of shares. 

In summary, a 10% gas price increase reduces total new registra- 
tions by 2 to 3% initially, but has little long-run impact. Total ve- 
hicle miles are reduced by over 2%, and this effect persists through 2000. 
However, the greatest and most durable impacts are the size-substitution 
effects - in the long-run the full-size share is reduced by 2 1/2 - 3 1/2% 
and the subcompact share is increased by 3 - 4%. There is a modest im- 
provement in average new fleet fuel efficiency, by about 1/3% in the long- 


run. 


5.3. A 1% INCOME INCREASE (TABLE 5-2) 

This scenario analyzes the results of a 1% increase in money income. 
This change produces an increase in real disposable income per family unit 
of 1.4%, rising to 1.46% long-run. The outstanding characteristic here is 
the very large increase in new registrations - over 5 1/2% in the first 


year. This high impact elasticity of 5 1/2 may be compared to the corre- 


sponding gas price elasticity of 0.2. 

Once again we observe a very rapid adjustment in new sales. In fact 
the divergence from the baseline becomes slight after only two years. 

Once again the new level of sales oscillates in long swings above and 
below the baseline forecast. Since total scrappage also rises the change 
in total actual stock is modest. Nonetheless, in elasticity terms, the 
income effect is still greater than the gas price effect in its short- 
term impact on desired and actual stocks. 

Income also has a strong impact on vehicle miles. The peak change 
is reached in 1979 (up 0.9%), which then trends downward until the late 
1980's when the change falls below 0.2%. Thereafter the increase fluc- 
tuates between 0.2% and 0.3%. 

As far as the size-class shares are concerned, the effects change 
markedly over time due to two, opposing, influences. For the first two 
years the "trading-up" effect of higher income is clear - the subcompact 
new registrations share falls significantly (an impact elasticity of 1.6), 
and the compact and mid-size shares also fall. There is a corresponding in- 
crease in the full-size share - a high impact elasticity of 1.8. Then rising 
income begins to increase the proportion of families with incomes at 
or above $15,000. This has the effect of increasing the luxury share 
(at the expense of full-size) and increasing the sub- and compact shares. 
This second effect peaks in 1981. By this point subcompacts are up 1% 
above the baseline, compacts are up 0.6%, full-size are down 1.6% and 
luxury are up 1.5%. 

A third phase then begins with the income distribution effect being 


‘washed out' by the trading-up effect. From this point onwards the luxury 


share tends towards its baseline level, and the full-size share ultimately 
reverses its decline and rises above the baseline. The mid-size share 
falls progressively below the baseline, and the increases in the small-car 
shares are progressively eroded until they also fall below the baseline in 
the 1990's. 

In summary, then, income fluctuations have a powerful influence on 
new registrations, but the effect is short-lived. A more enduring change 
occurs in vehicle-miles which increase in percentage terms by a factor of 
between 0.9 and 0.2 times the percentage income change. Finally, changes 
in size-classes go through three distinct phases: the short-run, favoring 
full-size at the expense of the smaller sizes; the medium term, when 
luxury and small cars gain versus full-size;and the long-run, representing 


a return to the initial trends, but less dramatically so. 


5.4 A 5% PURCHASE TAX ON LARGE CARS (TABLE 5-3) 

In this scenario we impose a 5% purchase tax on the mid-size, full- 
size, and luxury class vehicles. In practice, of course, there would be 
definitional problems involved in such a scheme and it would probably have 
to involve a graduated tax system. Nonetheless the simulation is extremely 
useful for evaluating the kinds of changes which would occur. 

Let us analyze these changes in roughly the order in which they affect 
the model's solution. Regarding capitalized costs per mile the changes 
should be familiar, they are, of course, the same as presented in the elas- 
ticity discussion in Chapter 4, namely about 2% higher for mid - and full-size 
and somewhat more for luxury. 


These relative cost changes produce dramatic shifts in the size-class 


distribution of desired stock and new registrations. The desired stock 
share for full-size is reduced by 9% (over 2 1/2% points) initially, this 
decline moderating slightly to just over 8% by the mid-1980's. The change 
for luxury's share can be easily summarized as one-tenth of the full-size 
decline. Mid-size shows virtually no change. The small-car shares in de- 
sired stock rise dramatically, each increasing by almost 7% initially (over 
2 1/2% points combined). These increases decline somewhat but remain over 
6% throughout the forecast period. 

The desired share changes, as has been discussed previously, induce 
even larger initial adjustments in new registration shares. Hence, for 
the small-car classes the increases are over 10% in the first year (over 
4% points combined), while the full-size share decline is over 17% (also 
over 4% points). The luxury new registrations share does, however, fall 
proportionately to its desired share decline. All of the sales-share 
changes tend towards the value of their desired share changes by the mid 
1980's, i.e. an equilibrium position is virtually attained some 5 to 10 
years after the initiation of the tax policy. 

With the shift towards the smaller, cheaper cars, the increase in 
average cost per mile is moderate, being approximately 0.7% for the en- 
tire period. This cost increase reduces total desired stock by just under 
0.15% throughout the period. In response to this desired stock decline, 
new registrations fall significantly, down 4.4% in 1977. Once again the 
adjustment occurs very rapidly. After this initial drop new registrations 
Show only very small movements above and below the baseline value. The 
fall in desired stock tends to increase the scrappage rate, but the 
fall in new registrations tends to push total scrappage down, the net re- 


sult being a slight decline. 


Once again the simulation results suggest a particularly strong impact 
on the domestic industry. Total full-size new registrations fall by 21% 
in the first year and luxury new registrations fall by over 5%. Total do- 
mestic new registrations fall by 5.8% initially if we assume no change in 
the competitiveness of domestic small-cars versus foreign. Foreign new 
registrations increase sharply, reflecting the switch to smaller cars. 

This effect is therefore sustained, and the increase in the overall domes- 
tic share suggested by the baseline forecast is thus restrained (but not 
eliminated). 

The overall new fleet fuel economy does of course rise, initially 
quite sharply (by 1.6%). By the mid-1980's the improvement over the base- 
line case has dropped to 0.8% at which point it stabilizes. Total vehicle 
miles fall very slightly through 1982, then increase slightly, but the 
changes are insignificant. Total fuel consumption would therefore fall by 


about 1% at most. 


5.5 A 20% 'OPEC' INCREASE (TABLES 5-4 and 5-5) 

For this simulation we posed the question "what if the OPEC group 
were to raise their crude prices by 20%"? This assumption was fed into the 
Wharton Annual Long-Term Econometric Model, resulting in a new set of eco- 
nomic forecasts. This oil price increase is, quite naturally, extremely 
inflationary. Real growth is reduced and unemployment increased. For 
1977, real GNP growth is cut to 4.4%, unemployment is help up at 7.4% and 
overall inflation is 6.0%. The ‘after-shocks' also worsen the 1979-80 
slowdown. 


Subsequently, income and employment growth are reduced, and unemploy- 


ment remains about 6% through 1983, a full point above the ‘baseline’. The 


average rate of increase in the overall consumer price index, 1976-80, is 
6.5% compared to 5.5% in the baseline. 

Gasoline prices, naturally, experience a severe impact. For the 
period 1976-80 the cumulative change in the average retail price before 
taxes is over 56%, compared to 41% for the baseline. By 1983 the pre- 
tax price is double the 1975 level. 

The other auto operating cost components also increase more rapidly 
by broadly similar proportions to the overall consumer price index. Do- 
mestic production costs jump 6.5% in 1977 (versus 6.1%) and then increase 
at rates 0.2 - 0.3 points higher than the baseline. Foreign export costs 
similarly accelerate, although the main impact is delayed until 1979-80. 

The impacts of this variation primarily occur during the period 1978- 
1981. We have assumed, perhaps optimistically, that government policies 
and increased reliance on domestic energy supplies and North Sea Oil] and 
gas will permit a gradual covergence to the previous trends described 
above for 1985 onwards (in terms of rates of change). The details of the 
new set of exogenous inputs into the Auto Model are presented in the 
table preceeding the simulation results. 

As a result of lower real income per family, and higher prices, new reg- 
istrations are reduced significantly, with 1977 being reduced by over 3%. 
The reductions (relative to baseline) grow to a peak 'loss' of 1/2 million 
units in 1981. Overall, new sales are held below the baseline forecast 
through 1984, with a cumulative loss of over 2 million units, equal to 3% 
of the cumulative new registrations total. After recovering briefly during 
the 1985-87 period, growth is again held down slightly below the baseline 


until 1993. 


Scrappage is naturally reduced below the baseline forecast, especially 
during the late 1970's and early 1980's. The ageing affect of the stock 
prevents scrappage from falling too far, however, so that the net effect 
acts as an almost exact offset to the decline in new registrations - total 
stock is left virtually unchanged. 

The effect on the size-class distribution of new sales is to increase 
subcompacts' share, initially by 4% (i.e. one percentage point). This 
occurs at the expense of full-size. Interestingly enough, this effect dies 
away aS renewed economic growth brings the economy back on track. However, 
after this very typical pattern of action and reaction, the equilibrium 
emerging from the mid-1980's again indicates about a 4% increase in the sub- 
compact share (versus the baseline), with the full-size share off between 
3 to 4% (about one percentage point). Compacts and mid-size, trading off 
between each other and the other two sizes, show virtually no net effect 
whatsoever. The luxury share, as might be expected, is also unaffected. 

An important factor underlying these findings is that although nominal 
automobile costs are increased relative to the previous case, the whole 
economy also undergoes higher inflation. This has two effects. First, al- 
though the average nominal cost per mile rises by almost one percentage point, 
the overall consumer price index also increases proportionately, leaving 
‘real’ auto costs unchanged. In addition, the slight redistribution by size- 
class is sufficient to moderate the average nominal increase itself. 

The second factor is that the gasoline cost effect - which would shift 
relative costs between classes - is virtually swamped by the general in- 


creases in purchase and options prices and transportation charges, which tend 


to shift relative costs either proportionately across classes or in the 


opposite direction to gasoline costs. Hence, the increase in subcompact 
capitalized cost per mile is raised by an additional 0.9% point, 
while the growth in full-size cost per mile is raised by only 1.1% points - 
a very modest relative change. 

This simulation indicates rather well the problems and hazards in- 
volved in attempting to consider all the repercussions involved in varying 


assumptions. 
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